Antibiotic mycelial dreg (AMD) is one of typical industrial wastes with high moisture and nitrogen contents which are difficult to be dealt with. The previous works demonstrated that the hydrothermal pretreatment is feasible for removing moisture and nitrogen contents from AMD so as to upgrade this waste into solid biofuel. Nevertheless, the NO emission characteristics of its combustion are still unknown and needed to be tested. The present work was aimed to clarify this understanding in a laboratory drop tube reactor under the temperature of 1273K. The raw AMD, the hydrothermally pretreated AMD and coal were respectively supplied into the reactor for combustion. The concentration of NO in the flue gas for different samples were measured and compared to evaluate the emission performance of the fuels. Compared to raw AMD, the NO emission of mono-combustion of hydrothermally pretreated AMD was dramatically reduced, whose reduction rate was above 30%. In order to investigate the mechanism of NO reduction, some analyses using Thermo Gravimetric Analyzer (TGA), X-ray Photoelectron Spectroscopy (XPS) and others were performed to reveal the properties of the raw AMD, hydrothermally pretreated AMD and coal. It was shown that the intermediates produced from releasing volatile maters act as reductants for the reduction of NO. The hydrothermal pretreatment can control the NO emission.
Introduction
Antibiotic mycelial dreg (AMD) is discharged from the antibiotic medicine production process. According to some reports [1] , the amount of this waste reached 3 million tons in 2012 in China and 4 million tons all around the world. Due to the antibiotic remnant, AMD is marked as one kind of dangerous industrial wastes. Therefore, to manage AMD well and avoid the spreading of antibiotics into the environment in a proper pathway is in the urgent demand. Waste-to-energy process would be an effective concept for the management of this waste since it does not only relieve the environmental stress, but also recycle the abundant organic substance in this material as a kind of energy resource. Previous study showed that the hydrothermal treatment (HTT), with the functions of dewatering and upgrading, is a feasible pathway to produce clean solid fuels from AMD [2] . The task of the present study is toinvestigate the effect of HTT on the NO emission in burning its resulting fuel in a laboratory drop tube furnace.XPS and DTA analyses were performed to characterize the fuels for further understanding of the mechanism of NO emission control.
Experimental and methodology

Fuel preparation and characterization
The AMD used in this work was sampled from a cephalosporin production process in a medical factory located in Hebei Province, China. The AMD was treated by an HTT process reacting for 30 minutes at a reaction temperature of 200 °C [2] .The lignite was obtained from Inner Mongolia of China. The hydrothermally treated AMD and lignite were firstly dried in a hot wind blowing oven at 105°C for 24 hours and then crashed into small particles. In order to get homogeneous solid fuels so as to avoid the impact of particle size, the tested solid fuels were sieved into sizes between 0.3 mm to 0.4 mm. Table 1 shows the basic analysis data for the raw AMD, hydrothermally treated AMD and lignite. Due to the dehydration and deoxygenation, calorific value of AMD was improved after HTT. The Thermogravimetric analysis (TGA) was conducted to analyze the thermal activity of each tested sample. Besides, the X-ray photoelectron spectroscopy (XPS) examination was carried out to analyze the functional groups of nitrogen and sulfur existing in AMD before and after HTT and also in lignite to investigate the mechanisms of observed NO emission reduction. 
Combustion test and calculation
The laboratory drop tube furnace was shown in Figure 1 . The solid fuels were fed continuously into the drop tube reactor by a screw feeder with the equal rate of calorific value per unit time. Air was supplied from two gas cylinders to give a fixed excess air ratio (EA) of 1.2. The burning temperature was 1000 °C. During experiments, the concentration of NO in the flue gas was continuously recorded by a flue gas analyzer after it became stable. The concentration of NO was analyzed to demonstrate the effect of HTT on the NO emission of the tested combustion. Besides, the conversion efficiency of N element into its oxidized forms was calculated and discussed.
Results and discussions
Characteristics of fuels
From the XPS results it can be seen that there were there peaks in N1 spectra which were at the binding energy (BE) of 400.0 ± 0.2 eV, 401.5 ± 0.3eV and 402.5 ± 0.2eV, respectively. According to previous studies [2] , these peaks could be assigned as the C-N bond in amide or amine, some N-H bonds in ammonia and protonated amine correspondingly. Figure 2 shows that HTT sharply reduced the intensities of nitrogen in the form of ammonia or protonated amine containing in the raw AMD. The TG and DTG analysis results for the fuel samples are shown in Figures 3 and 4 , respectively. From the TGA profile in Figure 3 we can know that the peak around 300 °C was enhanced greatly after HTT. One can believe that the devolatilization speed of AMD was slowed down after HTT. When raising the operating temperature, the combustion of heavy volatile matters and char occurred at 300 °C and 450 °C, respectively. In the DTG graph, the weight loss peaks appearing at about 450 °C could be considered to the char combustion. Figures 5 and 6 one can see that the NO emission from burning both the raw AMD and treated AMD were higher than coal, while the fuel-N conversion into NOx was lower. Comparing to the NO emission from combusting the raw AMD (256 ppm), burning the treated AMD (174 ppm) reduced NO emission by 31.9%, even though the fuel-N conversion was slightly increased by HTT. The reduction of NO emission was contributed by both the N content reduction through HTT and the calorific value intensification. Due to the reduction effects of volatile matters, which is consisted of hydrocarbon or NH 3 , on the NO formation, the fuel-N conversion for all fuels is subject to a trend of coal>treated AMD >raw AMD. 
NO emission of fuel combustion
Conclusions
The NO emission from burning AMD was reduced by about 31% via HTT under the studied experimental conditions, even though the losing of ammonia and highly active VM during HTT process led to the increase of the fuel-N conversion during the combustion test. The reduction of NO resulted from which HTT can increase the calorific value and reduce the nitrogen concentration of AMD. HTT is a viable technology to produce clean solid fuel from AMD in the term of NO emission control.
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